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AHH0TaLI,H5I 

Experimental data on vrA'" scattering in the elastic energy region 7^ ^ 250 MeV are 
analyzed within the multichannel K-matrix approach with effective Lagrangians. Isospin- 
invariance is not assumed in this analysis and the physical values for masses of the involved 
particles are used. The corrections due to vr^ — vr*^ and p — n mass differences are calculated 
and found to be in a reasonable agreement with the NORDITA results. The results of our 
analysis describe the experimental observables very well. New values for mass and width of 
the A'' and A++ resonances were obtained from the data. The isospin-symmetric version 
yields phase-shifts values similar to the new solution, FA02, for the vrA^ elastic scattering 
amplitude by the GW group based on the latest experimental data. While our analysis leads 
to a considerably smaller (<1%) isospin-violation in the energy interval T^ ~30-70 MeV 
as compared to 7% in works by Gibbs et al. and Matsinos, it confirms calculations based on 
Chiral Perturbation Theory. 

PACS numbers: 14.20. Gk, 24.80. +y, 25.80.Dj, 25.80. Gn 
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I. INTRODUCTION 



Low-energy pion-nucleon scattering is one of the fundamental processes that test 
the low-energy QCD regime — the pion is a Goldstone boson in the chiral limit, 
where the vrA^ interaction goes to zero at zero energy. This behavior is modified by 
explicit chiral-symmetry breaking by the small masses of the up and down quarks, 
Mu ~ 5 MeV and ^ 9 MeV pj. Since quark masses are not equal, the QCD 
Lagrangian contains the isospin-violating term oc (M„ — Ma). Calculations using 
Chiral Lagrangians and Chiral Perturbation Theory P| predict isospin-violation 
effects for the low-energy n'^N elastic scattering and charge-exchange (CEX) re- 
actions ~ 1%. However, for the case of the much smaller n'^N elastic scattering, 
isospin-breaking is ~25%. Therefore, to observe the isospin-violation effects, par- 
ticular experimental conditions are needed, where these effects are enhanced due to 
kinematics or other reasons. One such experiment is found in the A(1232) resonance 
mass-splitting measurement. In this case, close to the A(1232) resonance position, 
the phase-shifts vary rapidly with the energy. Therefore, the small (<1%) differ- 
ence among the masses of the different isospin-states of the A(1232) resonance as 
measured in different scattering channels leads to significant differences for the cor- 
responding phase-shifts. The usual procedure for extracting the A(_1232) resonance 
mass-splitting from the data is in a phase-shift analysis J, Q, 0, Q, Oli where the P33 
partial-wave amplitude from vr+p, n^p, and charge exchange data are considered as 
independent quantities. These phase-shifts were then fitted by a Breit-Wigner (BW) 
formula to determine the corresponding resonance parameters. The disadvantage of 
this procedure is in using isospin-symmetric quantities in a situation where isospin is 
not conserved. 

Two phenomenological analyses of vrA^ scattering data at low-energies T^ ~30- 
70 MeV 0, reported about 7% isospin-violation in the "triangle relation": 

/(tT P TT^n) = . (1) 

This is significantly larger than is predicted in j^l and very important for the deter- 
mination of the A(1232) resonance mass-splitting, meaning that an isospin-violation 



occurs in the background as well. But this conclusion is based on the rather old and 
incomplete experimental data, especially on the charge-exchange reaction. Note, that 
the analysis used preliminary low-energy elastic scattering data jll|, while in 
the final form [l^, these data were increased by 10% in the absolute values and the 
pion energies were decreased (shifted) by 1 MeV or more. In recent years, progress has 
been made in this input - new high-quality experimental data have been published 
(see H for the up-to-date database). In particular, detailed experimental data on 
n^p —>■ TT^n reaction at very low-energy are reported in Several years ago, a 
i^-matrix approach with effective Lagrangians was developed 1^, IJl and found 
to be in good agreement with all vrA^ observables in the entire elastic energy region. In 
the present paper, we modify this approach to estimate the isospin-violating effects 
in the new low-energy, T^, < 250 MeV, tcN scattering database. 

II. TREE-LEVEL MODEL FOR THE iC-MATRIX 

The detailed description of the isospin-invariant version of the multichannel K- 
matrix approach used in this analysis can be found in jl^, It is assumed that the 
i^-matrix, being a solution of the Bethe-Salpeter equation, can be considered as a 
sum of the tree-level Feynman diagrams with the effective Lagrangians in the vertices. 
Real part of the loops leads to renormalization of the mass and couplings. We assume 
that energy dependence of the vertex functions in the restricted energy interval can 
be accounted for by expansion of these function on power of invariants. This leads to 
Lagrangians, which contain the derivatives of the fields. In it was demonstrated 
that such approach work very well in isospin-symmetric case up to T^^ ~ 900 MeV. 
Here we restrict ourselves the A-resonance energy region T^, < 250 MeV. Because we 
want to look for possible isospin-violation, we describe vrA^ scattering using the same 
diagrams as in only in the charged-channels formalism. We confine ourselves 

to n'^p and vr^r;, channels to be able to compare the calculations with the experimental 
data. At the hadronic level, the vr+p scattering is a single-channel problem and the 
corresponding Feynman diagrams are shown in Fig. The 7r~p scattering includes 
two-channels, one due to the nonzero 7r~p ir^n reaction. Feynman diagrams for 
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this amplitude are presented in Fig. 01 The same Lagrangians as in [l^, [3| were 
used in the calculations, but the coupling constants are considered, in general, to 
be different for the different channels. The masses of the incoming and outgoing 
particles were taken as masses of the physical particles from PDG jl^- The masses of 
the intermediate particles can be different for different channels as well and for the 
A(1232) resonance we determine masses of and A° from the fit of experimental 
data. The interaction Lagrangian, corresponding to the vrA^A^ vertex, has the structure 

J 9TTi,Nk,N, 

1 + Xi^k,i V rrik + mi 

where i,k,l indexes mean pion, left, and right nucleon charged states. The vertex is 
assumed to have both pseudoscalor and pseudovector parts with the mixing parameter 

The interaction Lagrangian, corresponding to the vrA^A vertex, reads as 

Kna = p^^^Kdf^.WN.d-'n, + h.c, (3) 

1 



^fe75 ixi,k,n^i + ■ -fi^d^Tii + h.c, (2) 



V = g^.u - [^Za, + -j l^,lu■ (4) 

Here, Tki denotes the transition operator between nucleon and A-isobar.We treat 
the A -isobar graphs in the most general manner; thus, constants Z/^^ and gTTi,Ak,Ni 
will be determined from our fit to the experimental data 

The interaction Lagrangian for the pTrvr vertex is put in the form 

Lpnir = -Qp.-Kk^iPi {d^T^k-^i - d^-Ki-Kk) (5) 
and for the pNN vertex 

LpNN = -gp.NM'^kl; (ippi + (^pud'^pi) + h.c. (6) 

z \ rrik + nil / 

where k is the tensor and vector coupling constant ratio. For cttttt and aNN interac- 
tion, the following form of the Lagrangians are used: 



jNN 



-g.N^N^'^i'^iO- (8) 
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Thus, for isospin-symmetric case, we have seven free parameters: G]^ = MULSp^ul^ 
Ga-TT = s^^i^i§^^^ K, glj^j^/An^ Xttat, g-wNH, and Z^. But futher we assume different 
coupling constants for different charged channels, therefore, the number of free pa- 
rameters will increase. 

The scattering amplitudes can be calculated as: 

/(tT+P ^ TT+p) = — (9) 

1 - iK^+p 



/(tt p^n p) = ^ ..^ ^ ^ (10) 



f^rr~p ^ 71%) = = . = , (11) 



/(tt n — > TT n) = -= = ~ = , (12) 

where, for example, K^^On is the i^'-matrix element for vr'^ra — > vr^ra channel multi- 
plied by cm. momentum of the vr^n system to obtain the dimensionless scattering 
amplitudes in Eqs. f9 HT2|l . 

III. ELECTROMAGNETIC CORRECTIONS 

In the analysis of the pion-nucleon experimental data, the SU{2) isospin- 
symmetry is usually assumed. This implies that the masses of the isospin-multiplet 
must be equal. However, the physical masses of the particles are different. There are 
two sources for this mass-splitting: the electromagnetic self-energy and the QCD 
quark mass difference. The latter leads to isospin-violating effects in the strong in- 
teraction. Usually the influence of the mass difference on the pion-nucleon scattering 
amplitude is calculated together with the true electromagnetic corrections. The most 

n 

popular way to do this is the method of the effective potential [1^ and dispersion 
relations 1201. 



There are several reasons for using i^-matrix approach to calculate the mass dif- 
ference corrections (MDC) to the pion-nucleon amplitude: 

• Only the mass-splitting of the external particles (pions and nucleons) have 
been taken into account up to now. In the i^-matrix approach, corrections due 
to mass difference of all particles in the intermediate state can be calculated 
explicitly. 

• MDC contributions dominate the structure of the total P-waves correc- 
tions [2^. Therefore, it is important to estimate them by different methods 
to obtain reliable results. 

Let us start with tt~p elastic scattering. In general, the S'-matrix for the charged 
channels has the form: 



Sr. 




(13) 



Time-reversal invariance is assumed, thus, S',r-p^7r0n 



If SU{2) 



isospin-symmetry is valid, then the unitarity matrix 



V 



-V2 ; 1 
1 ; V2 



(14) 



can be used for the transformation of the Sc to the isospin-basis 



Si = UtSrUt. 



(15) 



In this case, the isospin-channels are eigenchannels, therefore. Si must be diagonal: 



Sf 



VHie 




2i5i 



(16) 
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Here the index H means that quantities are calculated for eigenchannels. If isospin- 
symmetry is slightly violated, then the transformation (IT5ll leads to nondiagonal ma- 
trix elements. To be able to compare the results with (20|, we write the ^-matrix for 
this case in the following form: 



V 3 



; |x/2(r7i3 + zAi3)e 



i((5i+<53) 



1(61+63) 



ri3e 



2163 



(17) 



Then, the corrections to the isospin-symmetric matrix Sf, apart from A13 and 7713 
are defined as: 



Si = Shi - -Ai ; r]i = rjui - Vi, 

S3 = Sh3 - ^A3 ; r/3 = T]H3 - T]3. (18) 

There are different contributions to these corrections: due to electromagnetic in- 
teractions, mass-splitting, wy channel, etc. Here, we are only interested in the mass- 
splitting contribution. In order to calculate it, the isospin-symmetric reference masses 
have to be fixed. The conventional choices are m = Mp for the nucleon, = M^± for 
the charged pions, and Ma = 1232 MeV is added for the A(1232) resonance. The pro- 
cedure of the calculations is as follows. First we use the i^-matrix with the physical 
masses to calculate the S'-matrix for the charged channels Sc- Then, we transform Sc 
to isospin-basis by matrix and obtain the corrections Ai3,r7i3 and the quantities 
?7i,5i,?73, and ^3. After that, we repeat the calculations with the isospin-symmetric 
reference masses and obtain the values rjHi, Shi, Vh3, and Sh3- Finally, the corrections 
f/i, Ai,f/3, and A3 are found. 

For the vr+p scattering, we use the one-channel form for the nuclear S„+p and the 
hadronic Sh matrices (see {2^ for the definition of the terms): 



S.^p = 4e'''^ ; Sh = Vti3e'''"^ (19) 
and the similar formulae for the corrections: 



7 



= - l^t ; Vt = Vm - Vt- (20) 

We find that contribution of the mass-splitting effect on the inelasticity corrections 
f]i,f]3, and f/3" is very small (less than 10"'') and can be neglected. 

In Fig. O the most important A3 mass difference correction for total angular 
momentum J = 3/2 is presented (solid line) together with that from (dashed 
line). The A(1232) resonance mass-splitting is not taken into account in this figure, 
as it was in [2Q|. But it was found that A(1232) resonance mass-splitting leads to 
very large effect for the A3 correction (this is the correction to P33 phase-shifts). 
The origin of that comes from the rapid variation of phase shift near the resonance 
position. Therefore, the small change in the A (1232) mass corresponds to a large phase 
shift difference. This A (1232) resonance mass-splitting effect is not contained in the 
NORDITA Q corrections. Therefore, if one wants to extract hadronic isospin- 
symmetric amplitudes, based on the NORDITA procedure, one has to include the 
A(1232) mass-splitting effect. If A(1232) mass-splitting effect is not included, then 
P33 phase-shifts determined from vr+p and iT~p will be different 0, These results 
for other partial-waves are small and of the same order as true electromagnetic ones. 

IV. DATABASE AND FITTING PROCEDURE 

For a definite set of the coupling constants and particle masses, the hadronic 
part of the amplitude was calculated according to graphs in Figs. [U and El The 
electromagnetic interaction was added in order to compare with experimental data. 
We use the observed masses of the particles, therefore, the electromagnetic parts of 
NORDITA corrections were included only using isospin-invariance relations. It was 
found, however, that the latter do not affect the values of the extracted parameters 
within the uncertainties and can be neglected. In order to determine the parameters 

n 

of the model, the standard MINUIT CERN library program |21| was used. The 



experimenta 
database 



data used here are those vrA^ data which can be found in the SAID 
. In the present work, we confine ourselves to partial-waves with spin 



1/2 and 3/2. Only for these can the Lagrangians be written in "conventional "way 
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(see discussion on Lagrangian for spin 3/2 particles in |22|). The inelastic channels 
are not included in the present version of the model; therefore, only the data below 
= 250 MeV are used in the fit. In this energy region, there are no open inelastic 
channels and the S and P partial-waves give the dominant contribution to the 
observables. The small contributions of the higher partial-waves were taken from 

n 

the partial-wave analyses. The different partial-wave analyses (KH80 |7], KA84 |23l |. 
KA85 Q, SM95 0, and FA02 Q) lead to similar results, and only the latest 
FA02 solution was used in all further calculations. As a rule, the parameter values 
obtained by fit have very small uncertainties. Therefore, the main source of these 
uncertainties comes from the database. To estimate it, we perform the fit in two 
steps. First, we take all data in the first fit. Then remove the data points which 
give more than 4 in units (mainly from [3|)and perform a second fit. The 
number of such points is about 2%. We take the difference in the parameter values 
in these two fits as the uncertainties of the parameter. It was found that rejection 
of more data leads to parameter values within the uncertainties determined above. 
Typically, a ~ 1-5 was obtained. The largest contribution to comes from 7i~p 
elastic scattering data. 



V. RESULTS AND DISCUSSION 

As a first step, and in order to reduce the number of the free parameters, we assume 
the coupling constant entering the interaction Lagrangians to be isospin-invariant . 
Thus, we have nine free parameters - seven for coupling constants [l^ and two for 
Ma++ and Mao. The results for the coupling constants were found to be similar to 
those from and are presented in the TableHl The value of g^j^j^/ An = 13.80 agrees 
very well with the recent result glj^j^/An = 13.75 ± 0.10 from FA02 solution 

In order to determine the resonance parameters, we should assume some procedure 



to separate the resonance and backgrounc 



such a procedure is somewhat arbitrary 



contributions to the amplitude. In general, 



3- 



The most popular way is to write the 



BW formula for the scattering amplitude near the resonance position. For the one- 
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channel case (vr+p scattering), this corresponds to defining the mass of the resonance 
as the pole position of the corresponding K-matrix. Indeed, close to the pole the 
i^T-matrix has a form: 



i^H = ^ + /3H, (21) 

where a and /?(w) are a smooth functions of the energy. Then in this region the 
scattering amplitude obtains the BW form: 

Fi^^ = ^ = a' + PMiw-M) ^ a' 

^ ' l-iqK w - M + iq[a'^ + I3{w){w - M)] w-M + iqa^' ^ ' 

Therefore, the width of the resonance is read as 

rA++ = 2 lim (w — Ma++) gTr+i^TT+p- (23) 

For the two-channel case (vr^p scattering), the form of amplitudes (fTUHT^ is more 
complicated. But the situation can be improved using the eigenchannel representa- 
tion. This means that we define the new channel basis to transform the i^-matrix 
into the diagonal form K^'^'^ = U~^KU, where U is the unitary transformation matrix. 
At the same time, the matrix of amplitudes also becomes diagonal. Only one channel 
contains the resonance in this representation (see Appendix in j3| for details) with 
the same pole position. For this channel, the amplitude has a BW form as in the 
one-channel case. In order to calculate the width of the resonance, trace conservation 
under unitarity transformations tr{K^'^^) = tr{K) is used. Therefore: 

Fao = 2 lim {w - M^o)tr{K^'''') = 2 lim {w - M^o)tr{K) 

= 2 lim {w - Mao) {qn-K^-p + q^oK^Or,) . (24) 

In order to clarify the procedure, let us consider as an example the tt~p scattering, 
when the isospin is conserved. The charged channels are n^p n~p and n^p 7r°n. 
So, the scattering amplitude is a 2 x 2 matrix. After transforming this matrix from 
the charged-channel basis to isotopic one, we get a 2 x 2 diagonal matrix. Now only 
one channel with isospin 3/2 contains the resonance (A(1232)). 

Our fitting procedure leads to reasonable values for masses and widths of the 
A(1232) isobar; these are presented in the Table Ull together with PDG data. It should 
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be noted that all values from PDG were not obtained directly from the data as in the 
present work, but by using the results of the phase shift analyses for individual charged 
channels. Then, the resulting amplitudes (or remaining part of data as in P|) are fitted 
by some simple BW formula. The graphs in Figs. [T] and [2l with A (1232) resonance 
in the intermediate state give contributions not to P33 partial-wave only, but to 
all other waves too. As a result, in the resonance region, we found the 1% isospin- 
violation in S31 and somewhat smaller in P31 partial-waves due to difference in the 
A(1232) masses. This was not accounted for in above procedure, but it is important 
in determining the A(1232) width because of the rather wide energy interval used in 
the fit. This can account for the large spread of Fao — rA++ values in the Table ITll 
In our approach, the fit to different data combinations ((7r+,7r^), (7r+,Ci?X), and 
(vr", CEX)) gives the same values for all parameters with slightly larger uncertainties. 

We obtain equal coupling constants in all charged channels (see below), therefore, 
the difference in the A(1232) widths has two sources: the difference in phase space 
due to different A(1232) masses (this gives 3.7 MeV) and different masses of final 
particles in the A*^ — > n^n and A++ vr+p decays (this gives 0.9 MeV). We obtain 
rAO-+7rO„/rAo^7r-p = 2.024 instead of 2.0 for the isospin-invariant case. There is also 
an additional ~ 1 MeV contribution to the A° width from the A° — > jn decay, 
which is not included in present version of the model. In Refs. 0, 0], the quantities 
^33"^ (^). ^33 (^). and visi^) via 

e^^^sVC'") - 1 



ffjyf, + V-2f,'U.Jy.) = J - ' (26) 



were determined from the experimental data. In Figs. HI and we coinpare calculated 
values for 6^r^{w) — S^^{w) and rjssi'^) with the results of Refs. Ol- As it is seen 
from the figures, the agreement is very good up to W ~1.3 GeV. As was found in 
at higher energies, the difference (533^(w) —S^^iw) changes sign. Such behavior cannot 
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be explained within our approach. However, just at these energies an inelastic two- 
pion production process opens; the difference in the pion masses is a probable source 
of this phenomena. In Fig. the phase-shifts for the isospin-symmetric case (masses 
of all particles were set to conventional values) are shown together with the results 
of phase-shift analyses KH80 and FA02 - our results are not in conflict with the 
known phase shift analyses. In j3| a large discrepancy between calculations based on 
Chiral Perturbation Theory and results of phase shift analysis in S-waves was found 
for Pt, < 100 MeV/c. From Fig. IHlwe see that there is no such a discrepancy in our 
approach. 

As a next step, we tried to allow some coupling constants to be different for 
different charged channel. No statistically proved differences in the Qt^+nn, dn-NN, 
and g^oNN or other coupling constants were found. It is interesting to note that all fits 
give nearly equal values of Qt^na for all charged channels with very small uncertaintie, 
less then 0.2%. In Fig.lU the dashed line shows the results for 6^:^{w) —6^^{w), when 
we increase g-j^+pA by 1% in comparison with the corresponding couplings for the other 
charged channels. 

To look for another source for isospin-breaking, we add the puo mixing to the K- 
matrix as in [2^1 but allow the mixing parameter Hp^ to be free. The data show no 
evidence for such mechanism and the fit gives nearly a zero value for Hp^. 

Thus, we did not find any isospin-breaking effects except that due to the A mass 
difference. However, in Refs. 0, [l^ a 7% violation of "triangle relation"was found in 
the analysis of the same data within the T^r ~30-70 MeV energy region. Therefore, 
following these works, we performed a fit to CEX data alone and then compared 
it with the results of the combined fit of the vr+p and 7r~p elastic scattering data. 
We now look at the results for the S'-wave part of the scattering amplitude at 

= 30 MeV. From the fit of the CEX data alone, we obtain /^^^ = -0.1751 fm, 
whereas from the combined fit f^+^- = -0.1624 fm , which implies a 7% violation 
of the "triangle inequality". This violation cannot be explained by A(1232) mass 
difference alone. The possible reason for such a discrepancy is the procedure itself. The 
7c~p elastic and CEX are coupled channels even if isospin is not conserved. Therefore, 
some changes in the CEX amplitude should lead to corresponding changes in the 
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7r"p elastic scattering amplitude. This means that we cannot fit CEX data separate 
from the 7i~p elastic data or inconsistent results could be obtained. To demonstrate 
this, we perform the individual fits to 7i~p and vr+p elastic data. The results are: 
= -0.1397 fm and = 0.1020 fm. These values lead to 2.4% violation of "triangle 
relation "only. This demonstrates that the above procedure is somewhat indefinite. 
The only way to check for isospin-violation is to compare the results of the combined 
fit of 7r~p elastic and CEX data with the corresponding quantity from vr+p data. 
Doing this, we obtain = -0.1376 fm, which is in good agreement with = 
-0.1397 fm from 7i~^p data alone, taking into account the ~ 1.0% uncertaintie in the 
amplitude. 

The CEX data play an important role in the analysis. In Fig. [3 we compared 
our results with the very low-energy charge-exchange reaction cross section data [3| 
(these data were included in the fit). In Fig. |H1 the predictions of the model are 
compared with the recent Crystal Ball data taken at BNL-AGS (these data are 
not included in the fit) The good agreement between calculations and data is 
observed in both cases. 



VI. CONCLUSIONS 



The multi-channel tree-level i^'-matrix approach with physical values for particle 
masses was developed. Isospin-conservation was not assumed. Mass corrections to 
phase-shifts due to particle mass difference were calculated and found to be in a good 
agreement with NORDITA results. An isospin-symmetric version of the model leads 
to reasonable agreement with the results of the latest phase-shift analyses. New values 
for A(1232) masses and widths were determined directly from the experimental data. 
No statistically proved sources of isospin-violation except A (1232) mass difference 
were found. This is in a good agreement with recent calculations based on Chiral 
Perturbation Theory 0, [3| ■ Coupling constants Qt^na for all charged channels were 
found to be equal within 0.2%. A very goo d agreement with low-energy CEX data [3| 
and recent Crystal Ball collaboration data was observed. 
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Ta6jiHi];a I: Parameters of the model (the and G^tt are given in GeV ^). 





44.7 ± 3.0 


GfJTT 


24.5 ± 0.7 


K 


1.9 ± 0.40 




13.8 ± 0.1 


XttN 


0.05 ± 0.01 




28.91 ± 0.07 


Za 


-0.332 ± 0.008 



Ta6jiHi];a II: Masses and widths of A(1232) isobar (all quantities are given in MeV). 







Mao 


Mao - Ma++ 


rA++ 


Tao 


Pao ~ ^A++ 


Present work 


1230.55 ± 0.20 


1233.40 ± 0.22 


2.86 ± 0.30 


112.2 ±0.7 


116.9 ±0.7 


4.66± 1.00 


Koch et al. |X| 


1230.9 ± 0.3 


1233.6 ± 0.5 


2.70 ± 0.38 


111.0 ±1.0 


113.0 ±1.5 


2.0 ± 1.0 


Pedroni et al. [6] 


1231.1 ± 0.2 


1233.8 ± 0.2 


2.70 ± 0.38 


111.3 ±0.5 


117.9 ±0.9 


6.6 ± 1.0 


Abaev et al. [8] 


1230.5 ± 0.3 


1233.1 ± 0.2 


2.6 ± 0.4 






5.1 ± 1.0 


Arndt et al. [4] 






1.74 ± 0.15 






1.09± 0.64 


Buggl 


1231.45 ± 0.30 


1233.6 ± 0.3 


1.86 ± 0.40 


114.8 ±0.9 


116.4 ±0.9 


1.6 ± 1.3 


Bugg2 


1231.0 ± 0.3 


1232.85 ± 0.30 


2.16 ± 0.40 


115.0 ±0.9 


118.3 ±0.9 


3.3 ± 1.3 
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p-^ ^P P P P P P P 



Jr° M 



Phc. 1: Feynman diagrams for the ir'^p scattering. 

71 _■ 7t' 7t' 71' TIJ 71' TtJ Tt' 

p"^'-^ *~p p p p p p p 

TlS. It' 71? 71" jtP 71' 7t? ,71" 



/A /t\ 
^p n P " P " P 



p^7t" n 



7t?.... 71° Jt° 71° Tt" 7t?, ,310 

, ° >K /f\ " 



Phc. 2: Feynman diagrams for the tt p scattering. 



11^71° n 
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0.5 1.0 1.5 2.0 2.5 



Phc. 3: The A3 mass correction. Solid and dashed Hnes represent results of the present 
(NORDITA ladi) work. 




1.1 1.3 1.3 1.4 1.5 



Phc. 4: Energy-dependence of the phase-shifts difference 6'^r^{w) —d^^{w). Solid line shows 
the result of the present work. The dashed line corresponds to the case, when Qj^+pA is 
increased by 1% in comparison with the corresponding couplings for the other charged 
channels. Filled and open {J] circles represent results of previous partial-wave analyses. 
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0.988 

1.12 1.17 1.22 1.27 1.32 

w (GeV) 

Phc. 5: Energy dependence of the inelasticity parameter r]^^{w). Solid line shows result of 
the present work. Filled circles represent results (the uncertainties are within the symbols) 
from \m. 
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Phc. 6: The energy dependence of the S- and P phase-shifts. Sohd hnes show results of the 
present work, (a) (b) S31, (c) Pn, (d) P31, (e) P13, and (f) P33. The sohd (open) circles 
are the GW SAID single-energy solutions associated with FA02 ^| (Karlsruhe KH80 Ql, 
the uncertainties are within the symbols). 
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Phc. 7: The differential cross sections for the n~p — > ir^n reaction, (a) = 10.6 MeV, (b) 
= 20.6 MeV, and (c) = 39.4 MeV. Sohd hne is the result of the present work. Solid 
circles represent data from Q]. 
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Phc. 8: The differential cross sections for the tt p ^ tt^u reaction, (a) = 64.1 MeV, 
(b) = 83.6 MeV, (c) = 95.1 MeV, (d) = 114.7 MeV, (e) = 136.0 MeV, (f) 
= 165.6 MeV, (g) = 189.4 MeV, and (h) = 212.1 MeV. Line represents predictions 



of the present work. Sohd circles are recent data from 



0- 
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A. B. FpHflHeB, H. XopH, B. ^. BpncKH, H. H. CTpaKOBCKHii 

X-MaTpHHHbiii noflxofl k pacinenjieHHio Maccbi A— peaoHanca 
H HapymeHHK) HSOcnHna b ttN pacceaHHH npn Majibix aneprnax. 

3KcnepHMeHTajibHbie flannbie no TrA^-pacceaHHio b ynpyroii o6jiacTH aneprHii 
Ttt ^ 250 MaB anajiHaHpyiOTca b paMKax MHoroKanajibHoro X-MaTpHHHoro 
no^xo^a c 3c|)c|)eKTHBHbiMH jiarpaHiKHanaMH. B ^annoM anajinae ne npe^nojiaraeTca 
H30cnHH0Baa HHBapHaHTHOCTb H fljia Mace nacTHii; ncnojibsyiOTca hx Ha6jiioflaeMbie 
3HaHeim5i. BbniHCJierii-ibie nonpaBKH aa chbt pasiiocTH Mace 7r+ — 7r° tl p — n 
xopomo corjiacyiOTCfl c peayjibTaiaMH NORDITA. IlojiyMeHO xopomee onHcanne 
Bcex 3KcnepHMeHTajibHbix Ha6jiiOflaeMbix. Ha anajiHsa flannbix onpeflejienbi hobbib 
aHaMBHHfl fljia Mace h mnpHH A°- and A++-pe3onancoB. OaaoBbie cflBHrn nN- 
pacceanna b H30cnHH0B0-CHMMeTpHHH0M cjiynae 6jih3kh k noBOMy pemenHio FA02 
4)a30Boro aHajiH3a, nojiyHennoMy b YnHBepcHTeTe ^>Kop;i;jKa BarnHHrTona, h 
ocHOBaHHOMy na caMux coBpeMennbix 3KcnepHMeiiTa.nbHbix flanHbix. Ham aiiajiHa 
npHBOflHT K 3naMHTejibno MenbmcMy (<1%) napymenna H30cnHna b nnTepnajie 
aneprnn ~ 30 — 70 MsB, hcm 7% , nojiyHcnnoe b pa6oTax Gibbs u dp. n Matsinos, 
H corjiacyiOTca c pe3yjibTaTaMH BbiMHCJiennii, ocnonannbix na Knpajibnon Teopnn 
B03Myin;eHHH. 
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